An experiment with 200 day-old male broiler chickens was conducted to investigate the effect of the dietary supplementation of turmeric rhizome powder (TRP) on plasma lipoprotein concentrations, and the meat quality and fatty acid composition of the thigh muscle of the broilers. The four treatments were 0% (F.TRP), 0.25% (L.TRP), 0.50% (M.TRP) and 0.75% (H.TRP) TRP in the diets. The pH and the fat, protein, dry matter and ash concentrations of thigh meat did not show significant differences between treatments. There were no significant differences between treatments in the concentrations of plasma triglyceride, total cholesterol and very low-density lipoprotein-cholesterol (VLDL-c) at three weeks, and for plasma lowdensity lipoprotein (LDL-c) at three and six weeks of age. At week 6, the M.TRP-and H.TRP-fed birds showed lower plasma triglyceride and VLDL-c concentrations than the birds in the other treatments. At weeks 3 and 6 the concentration of plasma high-density lipoprotein-cholesterol (HDL-c) of the M.TRP-and H.TRP-fed birds was significantly higher than that of the F.TRP-fed birds. At week 6, the H.TRP-fed birds had significantly lower concentrations of saturated fatty acids (SFA) in the thigh and total cholesterol in the plasma than the F.TRP-fed birds and the other birds. Moreover, a significantly higher thigh vaccenic acid concentration was indicated for the H.TRP-fed birds compared with the L.TRP-and F.TRP-fed birds. In orthogonal comparisons, TRP consumption reduced the concentration of plasma triglycerides and dry matter of thigh meat, as well as triglyceride, palmitic acid and total SFA concentrations, but increased the thigh meat protein and plasma HDL-c concentrations significantly, compared with the control. In conclusion, supplementation of TRP in broiler chickens diets can decrease the concentrations of SFAs and triglycerides in thigh meat and improve the meat quality as a result.
Introduction
Dietary levels of cholesterol (Hayes, 1995) and fatty acid profiles in lipid fractions (Blanch & Grashorn, 1996) are associated with the development of atherosclerosis and coronary artery diseases in humans. Dietary saturated fatty acids (SFA) increase the plasma cholesterol and low-density lipoproteincholesterol (LDL-c) concentrations, whereas polyunsaturated fatty acids (PUFA) reduce the plasma cholesterol and LDL-c concentrations in humans (Aletor et al., 2003) . Chicken meat is healthier than other meat sources for human consumption because of its low cholesterol and fat content (Ponte et al., 2004) , but several studies have been used to decrease the SFA and cholesterol content of broiler meat.
Dietary inclusion of PUFA (especially n-3 fatty acids) sources such as linseed oil (Crespo & EsteveGarcia, 2002; Bou et al., 2005) and fish oil (Lopez-Ferrer et al., 1999; Bou et al., 2004) in broiler diets have been used to manipulate the fatty acid composition and decrease the detrimental ingredients in meat. Recently, researches have focused on the beneficial effects of phytogenic substances in broiler chickens. Cholesterol and lipoprotein decreasing effects of alfalfa (Ponte et al., 2004) , thyme (Bolukbasi et al., 2006) and garlic (Konjufca et al., 1997; Habibian Dehkordi et al., 2010) have been shown in broilers. Phenolic compounds are phytogenic substances that have hypocholesterolemic effects (Ikeda et al., 1992; Hirose et al., 1991) . For example, phenolic compounds in red wine have been reported to lower the incidence of cardiovascular diseases in humans in France (Staley & Mazier, 1999) . The mechanisms behind the hypocholesterolemic and other beneficial effects of dietary phenolic compounds have not been fully elucidated (Kamal-Eldin, 2000) .
Curcuma longa is a medical plant that belongs to the ginger (Zingiberaceae) family and is a major source of phenolic compounds (curcuminoids). It is a perennial plant with a short stem and large oblong leaves, and it bears ovate, pyriform or oblong rhizomes, which are often branched and brownish-yellow in colour. Turmeric is the rhizome of Curcuma longa L. and is used as a food spice, and a preservative and colouring agent in China and South East Asia (Ammon et al., 1992; Mishra et al., 2009) . In recent years, traditional Indian medicine has been using turmeric powder for the treatment of biliary disorders, anorexia, coryza, cough, diabetic wounds, hepatic disorders, rheumatism and sinusitis (Ammon et al., 1992; Mishra et al., 2009) . Curcuminoids, such as curcumin, demethoxycurcumin and bisdemethoxycurcumin, are yellowish turmeric pigments and have antioxidative, anticarcinogenic, anti-inflammatory, antihepatotoxic and hypocholesterolemic activities (Nishiyama et al., 2005) . In addition to the curcuminoids, compounds such as γ-terpinene, ascorbic acid, beta-carotene, betasitosterol, caffeic acid, campestrol, camphene, dehydrocurdione, eugenol, p-coumaric acid, protocatechuic acid, stigmasterol, syringic acid, turmerin, turmeronola, turmeronol-b and vanillic acid possess antioxidant capabilities (Duke, 2004) .
Curcumin is the main phenolic compound of TRP that has an antioxidant effect. It inhibits lipid peroxidation, scavenges the superoxide anion and hydroxyl radicals (Ruby et al., 1995) and enhances the activities of detoxifying enzymes such as glutathione-S-transferase (Piper et al., 1998) . Instead of antioxidant effects, curcumin has a hypocholesterolemic effect. It can reduce the concentrations of plasma low-density lipoproteins and very low-density lipoproteins and liver total cholesterol (Kamal-Eldin et al., 2000) . Up to a 0.75% dietary inclusion of TRP has increased the concentration of high-density lipoprotein-cholesterol (HDL-c) and decreased the low-density lipoproteins of plasma in broiler chickens (Emadi et al., 2007) . Increasing the dietary TRP to 0.2% has decreased serum triglyceride, total cholesterol and LDL-c concentrations in laying hens (Kermanshahi & Riasi, 2006) . Both 0.1% and 0.5% curcumin in the diet have reduced the cholesterol in the liver and serum of rats (Rao et al., 1970) . Although the plasma cholesterol lowering effects of TRP have been shown in broiler chickens, no study is available on its effect on the meat quality of broiler chickens. Therefore, the current experiment was designed to study the effects of dietary TRP supplementation on the triglyceride, proximate analyses and fatty acid composition of the thigh meat of chickens.
Material and Methods
In this experiment, 200 day-old male broiler chickens (Ross 308) were obtained and allocated randomly to 20 pens (1 x 1 m 2 , 10 birds per pen). Continuous light was used in the house. The birds were reared at 32 °C during the first two days, and then the house temperature was reduced by 2 °C per week up to week 5, when the temperature was kept at 22 ± 1 °C until the end of the experiment (Daneshyar et al., 2007; . All the birds received a mash broiler starter (from day 1 to day 21 of age) and a grower (from day 22 to day 42 of age) diet (Table 1) , but they received different treatment levels of TRP in the diet: 0% (F.TRP), 0.25% (L.TRP), 0.50% (M.TRP) and 0.75% (H.TRP) TRP. The levels of 0%, 0.25%, 0.50% and 0.75% TRP replaced wheat bran in the diets, respectively. Fresh Indian turmeric rhizome (having 15.48 mg total phenolic compounds/g) was ground and mixed with the diets. At week 3, one chicken from each replicate pen (five per treatment) was selected randomly and marked for blood collection. Wing-vein blood samples were obtained after three hours of starvation at weeks 3 and 6. The blood samples were immediately transferred to anticoagulant tubes (sodium citrate, 3.6%). Then plasma was separated by centrifuge (3500 rpm for 15 min) and stored at -20 °C for later analysis. At the end of the experiment (week 6), five chickens from each replicate (pen) were randomly selected and slaughtered. Three pieces of the meat of the left thigh were removed and used for determination of pH, proximate analyses, fatty acid composition and triglyceride content. The experimental protocol was reviewed and approved by the Animal Care Committee of the University of Urmia, Iran. The standard extraction method of Seevers & Daly (1970) was used for estimation of total phenols. One gram turmeric rhizome was crushed in 10 mL of 80% methanol in a pestle and mortar. The extract was filtered and centrifuged at 1000 x g for 5 min and the supernatant was collected and used for the determination of phenolic compounds, using the colorimetric method at absorbance of 720 nm with 20% Na 2 CO 3 and in Folin-Ciocalteau reagent. Gallic acid was used as the standard. Determination of dry matter (DM), crude protein (CP), ether extract (EE) and ash contents was performed according to the AOAC methods (AOAC, 1998). The pH of thigh meat was measured using a digital pH meter (TitroLine Easy, Schott Instruments, Mainz, Germany) after homogenization in distilled water.
Plasma samples were thawed and the concentrations of total cholesterol, HDL-c, LDL-c, VLDL-c and triglycerides were determined using a spectrophotometer (Unico-2400, Unico-Japan Co. Ltd.) and commercial enzymatic kits (Pars Azmoon Co., Tehran-Iran).
Total lipids were extracted by the method of Folch et al. (1957) and measured gravimetrically. The formation of fatty acid methyl esters (FAME) was carried out according to the procedure described by Desvilettes et al. (1994) . The sample was saponified with methanolic sodium hydroxide, and the fatty acids were esterified with methanolic sulphuric acid. FAME were analyzed with a 6890 N GC-FID (Agilent Technologies, Wilmington, DE, USA) fitted with a J&W DB-Wax capillary column (30 m, 0.25 mm i.d., 0.25 mm film thickness), a split-splitless injector with Agilent tapered liner (4 mm i.d.) and a flame ionization detector. The initial column temperature was maintained at 100 °C for 1 min and then raised at 25 °C/min to 190 °C and held for 10 min, and then raised to 220 °C and held for 5 min. Nitrogen was used as carrier and makeup gas, at flow rates of 1.0 and 45 mL/min, respectively. The injector and detector temperatures were held at 250 °C and 260 °C, respectively. ChemStation software was used for online data collection and processing. Individual FAME was identified by comparison with known standards (SigmaAldrich Corps, St Louis, MO, USA). Thigh meat lipids were extracted by the modified method of Hara & Radin (1978) . Nine mL of extraction solution (hexane : isopropanol, 3 : 2 v/v) were added to 0.5 g of thigh meat and homogenized, using glass beads, for 8 h at room temperature. After homogenization, the organic phase was separated by centrifugation at 2000 × g for 10 min, dehydrated by saturated sodium sulphate and finally used for the triglyceride assay according to the method of Neri & Frings (1973) . The triglyceride concentration in the thigh meat was measured on a spectrophotometer (Unico-2400, Japan) at a wavelength of 410 nm.
The data were analyzed based on a completely randomized design using the general linear model procedure of SAS (SAS, 2002) . When treatment means were significant (P ≤0.05), the Duncan multiple range test was used to separate the means. Moreover, orthogonal contrasts were constructed to compare the mean response variables for turmeric fed birds with the control birds.
Results
No significant differences between the treatments were indicated at week 6 for pH, concentrations of fat, dry matter and ash of the thigh meat (Table 2) . A trend was observed in the protein level of the thigh meat (P = 0.056), but this difference was not significant. Furthermore, compared to the control diet, TRP consumption did not change the pH, fat or ash content, but decreased the DM and triglyceride and increased the protein content of thigh meat (P <0.05). The plasma lipoproteins and triglyceride concentrations are presented in Table 3 . At week 3 no significant differences were observed in plasma triglyceride concentrations between the treatments, but at week 6 the birds on both the M.TRP and H.TRP diets had lower plasma triglyceride concentrations than those on L.TRP and F.TRP. There were no significant differences in total cholesterol concentration between the treatments at week 3. However, at week 6 the H.TRP-fed birds showed a lower total cholesterol concentration than the birds in the other treatments.
Plasma HDL-c concentration of the H.TRP-and M.TRP-fed birds was greater than that of the control birds, but no significant differences in the concentration of plasma HDL-c were observed between the L.TRP-fed birds and other treatments. There were no significant differences in plasma LDL-c concentration 1 Thigh meat of five chickens per treatment was used for the determination of fatty acid composition. SFA -total saturated fatty acids; UFA -total unsaturated fatty acids; MUFA -total monounsaturated fatty acids; PUFA -total polyunsaturated fatty acids.
between the treatments at both ages. Although no significant differences were observed for very low-density lipoproteins-cholesterol between the treatments at week 3, at week 6 the H.TRP-and M.TRP-fed birds had a lower concentration than birds in the other treatments. Furthermore, lower concentrations of plasma triglyceride and higher concentrations of HDL-c were evident with TRP supplementation compared with the control. Table 4 shows the effect of dietary TRP supplementation on the fatty acid composition of the thigh meat in chickens at week 6. The H.TRP-fed birds had a lower (P <0.05) total SFA and trans-vaccenic acid (C18:1n7) concentration in thigh meat than the F.TRP-fed birds, but there were no significant differences for these indices between the other birds. Moreover, TRP supplementation reduced the concentrations of palmitic acid (C16:0) (P = 0.02) and SFA (P = 0.01) in the thigh meat compared with the control. There were no significant differences between treatments in the concentration of the other fatty acids and UFA (P >0.05).
Discussion
No changes in serum total cholesterol, HDL-c, LDL-c and triglyceride concentrations have been shown in broiler chickens when receiving diets supplemented with 0.1% or 0.2% TRP alone or with aloe vera powder (Mehala & Moorthy, 2008) . However, higher plasma HDL-c and lower plasma VLDL-c, triglycerides (by 0.5% or 1% dietary TRP supplementation) and total cholesterol (by 1% dietary TRP supplementation) concentrations were recorded in more recent experiments. Many papers have been published regarding the hypocholesterolemic effects of TRP or its compounds in human and animals. For example, higher serum HDL-c concentrations were observed when 0.25%, 0.5% and 0.75% TRP were included in broiler chicken diets (Emadi et al., 2007) . Dietary supplementation of 0.2% TRP to laying hens resulted in lower serum triglyceride and total cholesterol concentrations (Kermanshahi & Riasi, 2006 ) and the inclusion of 0.1% or 0.5% curcumin in rat diets lowered the liver and serum cholesterol concentrations (Rao et al., 1970; Babu & Srinivasan, 1997) . Moreover, dietary supplementation of curcumin decreased the plasma cholesterol, free fatty acids and triglyceride concentrations in female albino rats (Wistar strain) with alcohol induced toxicity (Rukkumani et al., 2003) . Kamal-Eldin et al. (2000) reported reduced low plasma density lipoprotein and very low-density lipoprotein and total cholesterol concentrations in the livers of male Sprague-Dawley rats by dietary supplementation of 4 g curcumin/kg. Soni & Kuttan (1992) observed a significant decrease in serum lipid peroxides (33%), an increase in HDL-c (29%) and a decrease in total serum cholesterol (12%) concentrations upon curcumin administration (500 mg of curcumin per day for 7 d) to 10 healthy human volunteers. Furthermore, feeding the turmeric extract along with saturated fats and cholesterol (Ramirez-Tortosa et al., 1999) decreased the plasma cholesterol level and the susceptibility of LDL to oxidation in rabbits. Reduced plasma cholesterol concentrations of TRP-fed birds are possibly related to the altered activity of two effective enzymes in cholesterol metabolism, HMG-CoA reductase and cholesterol 7a-hydroxylase. Although the activity of HMG-CoA reductase was not investigated in the current experiment and in other published studies on TRP, Babu & Srinivasan (1997) suggested that a cholesterollowering effect of curcumin could be mediated by the stimulation of hepatic cholesterol-7a-hydroxylase activity. Therefore, lower plasma cholesterol concentrations in TRP-fed birds could be related to the stimulating activity of hepatic cholesterol-7a-hydroxylase.
As opposed to total cholesterol and VLDL-c, dietary supplementation of 0.5% and 1% TRP depressed the plasma triglyceride concentration in our experiment. This phenomenon may be due to the lowering hepatic lipogenesis effect of TRP, because triglycerides are produced in the liver by hepatic lipogenesis and are secreted into the plasma (Lanza-Jacoby, 1986; Herzberg & Rogerson, 1988) . As a result, decreased hepatic lipogenesis possibly affected the thigh meat triglyceride and saturated fatty acid contents of TRP-fed birds. Neutral lipids (triacylglycerol or triglycerides) of muscle meat are rich in saturated and monounsaturated fatty acids (MUFA) and found in the i.m. adipocytes located in the perimysium (Sanosaka et al., 2008) . Adipocyte number and size increase with the total lipid content of the muscle (Mourot & Hermier, 2001; Wood et al., 2008) . The predominant lipids in thigh meat are triglycerides (GonzalezEsquerra & Leeson, 2000) . SFA and MUFA are the results of fatty acid synthesis de novo, whereas polyunsaturated fatty acids originate exclusively from the diet (Lanza-Jacoby, 1986; Herzberg & Rogerson, 1988) . Therefore, a lower percentage of SFA, especially palmitic acid and C18:1 n-7 (a MUFA) in the thigh meat of TRP-fed chickens is the result of decreased de novo synthesis of fatty acids in the liver. Palmitic acid (C16:0) was the main SFA of thigh meat in a recent experiment. The same results have been reported for thigh meat of broiler chickens and of steers (Mapiye et al., 2011) . Palmitic acid was lower in TRP-fed birds than in the control birds. Along with myristic acid (C14:0), palmitic acid is the responsible fatty acid to raise LDL serum cholesterol (Rowe et al., 1999; Muchenje et al., 2009a; b) . Cholesterol can be both good and bad for food consumers. Abnormally high levels of cholesterol and abnormal proportions of low-density lipoproteins (LDL) and high-density lipoproteins (HDL) are associated with cardiovascular diseases (Muchenje et al., 2009a) . Studies have demonstrated a strong relationship between LDL cholesterol levels and human cardiovascular diseases and that HDL-c has an inverse relationship with the risk of cardiovascular diseases (Kwiterovich, 1997; Muchenje et al., 2009a ). Therefore, a low level of palmitic acid in thigh meat of TRP-fed birds is desirable. Yasni et al. (1993) observed decreased activity of liver fatty acid synthase, along with decreased serum triglycerides, phospholipids and liver cholesterol concentrations, and increased concentrations of serum HDL-c and apolipoproteins in rats given a cholesterol-free diet by Curcoma xanthorrhiza (Javanese turmeric, a turmeric species). These researchers indicated that Curcoma xanthorrhiza contains an active compound other than the curcuminoids that can modify the metabolism of lipids and lipoproteins and even liver fatty acid synthase activity. In another experiment they identified alpha-curcumene as the major component (approximately 65%) of Curcoma xanthorrhiza essential oil (Yasni et al., 1994) . Addition of 0.02% Curcoma xanthorrhiza essential oils prepared by steam distillation to a purified diet resulted in a lower hepatic triglyceride concentration in rats, whereas addition of the hexane-soluble fraction (0.5%) resulted in a lower concentration of serum, as well as liver triglycerides. Rats fed the essential oil and hexane-soluble fraction had a lower hepatic fatty acid synthase activity. The fraction containing α-curcumene suppressed the synthesis of fatty acids from 14 C-labelled acetate in primary cultured rat hepatocytes. They concluded that α-curcumene is one of the active principles exerting triglyceride-lowering activity in Curcoma xanthorrhiza (Yasni et al., 1994) . Existence of 6.2% aromatic curcumene in essential oils of Curcoma longa has been reported by Jayaprakasha et al. (2002) . According the results of this experiment showing lower plasma and thigh meat triglycerides concentrations of M.TRP-and H.TRP-fed birds, it seems those aromatic curcumene fractions is possibly the responsible compound of the declining effect of TRP on the fatty acid synthase activity enzyme and consequently lower thigh meat triglycerides and SFAs. Moreover, decreased plasma triglyceride, and thigh meat triglyceride, SFA and vaccenic acid concentrations of TRP-fed birds may be due to a lowering hepatic lipogenesis effect of TRP.
Conclusion
It was concluded that dietary inclusion of TRP in broiler chickens can increase the crude protein and moisture contents, and decrease the triglycerides and SFAs in thigh meat of broilers and hence improve meat quality.
